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对 2013 年 10 月九龙江河口区表层水溶解磷酸盐的氧同位素进行研究，发现
河流端和海水端水体中磷酸盐的氧同位素接近平衡分馏值。根据磷酸盐保持着源
区的氧同位素值，可以判断出龙海市区（A5 站）、南溪口（A8 站）、厦门第一码
头（X2 站）和浒茂洲岔道口（X7 站）对九龙江河口存在的磷输入。2013 年 12
月河口周围地下水中溶解磷酸盐的氧同位素接近平衡分馏值。而 2013 年 7 月暴
雨时河口表层水溶解磷酸盐的氧同位素远高于平衡分馏值。这些结果显示九龙江
河口水体溶解磷酸盐氧同位素对环境具有灵敏的响应。 
2013 年 7 月暴雨后（10 天）九龙江河口区表层沉积物具有高的磷含量，尤






















Phosphorus is a essential nutrient for all living organism, but analytical tools to 
trace phosphorus sources and cycle are limited. In the absence of biological activity 
and enzymatic hydrolysis, isotope exchange between phosphate oxygen and water is 
slow and can be considered negligible for the time scales for concern of most 
environmental applications. Oxygen isotopes composition in phosphate (δ18OP) as a 
tracer can be utilized to determine the phosphorus sources and the degree of 
phosphorus cycling within the biomass. In the past decade, δ18OP has been well 
applied in tracing phosphorus cycle in open ocean, estuary and soil. Riverine input as 
the main source for the ocean can be easily influenced by the phosphorus cycle in the 
estuary. Most studies focus on the distribution patterns of phosphorus of different 
species in estuary, but few studies report the phosphorus source and transformation in 
different species in the estuary. 
This study has developed the measurement of oxygen isotopes composition in 
phosphate of 4 inorganic species in sediment in estuary.  In order to determine no 
oxygen isotopes fractionation in phosphate in the procedure of extractions, separation 
and purification, we choose KH2PO4 solution and international phosphorite standard 
(NBS-120c) to achieve pure Ag3PO4 through this procedure. To determine the 
accuracy of δ18OP of different species in sediment, we choose a natural sediment 
sample in Shishi coastal area. The results show that the accuracy is sensitive and 
different δ18OP values are variable in phosphate of different species.  
An analysis assessing variations in the oxygen isotopes composition of dissolved 
inorganic phosphate (DIP) in surface water was conducted in Jiulong river estuary in 
October, 2013. The results show that the δ18O values of DIP in the river end-member 
and ocean end-member are closely to the equilibrium value. According to the δ18O 
values of DIP retaining the original values of sources, phosphate point source inputs 
can be find in the Longhai city (station A5), the South river (station A8), Xiamen first 
wharf (station X2), tributary in Humao Bay (station X7). The δ18O values of DIP in 
















δ18O values of DIP in surface water during rainstorm event are much higher than the 
equilibrium value. Those results show that δ18O values of DIP in Jiulong river are 
sensitive to the environmental changes. 
High concentration of phosphorus is in surface sediment, especially organic 
phosphorus, in Jiulong river estuary after rainstorm (10 days later) in July, 2013. The 
δ18O values of loosely-sorbed phosphate and Fe-bound phosphate have the 
characteristic of low value in river end-member and high value in ocean end-member, 
with same change trend with the δ18O values of DIP. The δ18O values of authigenic 
phosphate and detrital phosphate are close at the same station, but lower than δ18O 
values of DIP, with the no clear deviation in river and end-member and terrigenous 
characteristics. 









































3-）和 -3 价（磷化氢气体，PH3）。海洋中磷主要以+5 价
的磷酸盐存在于溶解态和颗粒态中（van der Zee 等，2007）。磷原子的质量可从
24 到 46，但只有 31P 是稳定的，仅有 32P（T1/2 = 14.28 d）和
33P（T1/2 = 25.3 d）
有足够长的半衰期能使它们作为示踪剂应用于实验室培养和野外观测（张远辉等，















沉降进入上层海洋（Lal，2001）。相比于于表层水体中的 P 含量，海水中 32P、
33P 含量（即比活度）相当低，仅为 0.1 ~ 1 dpm/m3（陈锦芳，2006）。32P 和 33P
在海洋中的沉降通量分别为每平方厘米 5.82  10-3 和 6.93  10-3 个/min（Lal，
2001）。尽管放射性磷具有低的丰度和通量，32P 和 33P 仍是研究近岸及开阔大洋





机磷（COP）组成。近年来，31P 核磁共振技术（nuclear magnetic resonance，NMR）
和连续提取技术（sequential extraction technique，SEDEX，图 1.1）被用来研究
颗粒态磷的组成、转化以及不同化学形态颗粒磷的行为和时空变化。连续提取技
术已被广泛地应用于海洋沉积物磷的形态分析，它可将颗粒态磷分为弱吸附态磷
（lossely-sorbed or exchangeable P）、铁结合态磷（Fe-bound P）、生源磷灰石及与
碳酸钙结合态磷（authigenic apatite，biogenic apatite and CaCO3-bound P）、碎屑






























洋表层的 DOP 浓度，但 DOP 的化学组成、分子图谱及生物可利用性依然有待解
决（Karl和 Björkman，2002）。如果 DOP 最终来源是活体生物，那这些 DOP 应
该可以被生物利用而不会在全球大洋表层海水中累积。因此，热带和亚热带环境





图 1.1 连续萃取法（SEDEX）分离出的不同形态的颗粒磷（Ruttenberg 等，2009） 
Figure 1.1 Various species of particulate phosphorus separated by sequential 























图 1.2 开阔大洋磷循环简图（Karl，2014）（方框代表储库，箭头代表流通方向） 
Figure 1.2 Schematic representation of the inventories (boxes) and fluxes (arrows) 
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